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En el bosque de la cuenca alta del río Domingodó, ubicado en el municipio de Carmen 
de Darién en el Chocó - Colombia-, se estimó la cantidad de biomasa aérea y de carbono 
almacenado del ecosistema, y de diez especies con mayor valor de importancia -estas 
representan el 46.69% del total del ecosistema-. Para ello, se seleccionaron once 
ecuaciones alométricas basadas en los modelos de estimación recomendados del IPCC 
(2005), teniendo presente los factores biogeográficos para elegir los que más se 
ajustaban al ecosistema. Para la mayoría de especies el modelo que más se ajustó fue el 
de Álvarez-bh-PM. El cálculo del carbono almacenado se determinó con la fracción del 
50% de la biomasa, metodología dada por el IPPC (2005). Como resultado, se obtuvo 
que el ecosistema en promedio contiene 35,80t/0,05ha de biomasa aérea y captura 









In the forest of  the upper watershed of  the Domingodo's river, located to town of  
Carmen de Darien in Choco -Colombia-, it was estimated the amount of  aerial and 
carbon biomass stored in the ecosystem, and ten species with greater importance value 
- they represent 46.69% of  the total ecosystem-. Selected eleven allometric equations 
based on the recommended models of  IPCC (2005) bearing in mind the 
biogeographical factors to choose the ones that best fit the ecosystem. For most 
species, the model that was most adjusted was the Alvarez-bh-PM. The calculation of  
stored carbon is determined with the fraction of  50% of  the biomass, his is determined 
by the IPPC (2005). As a result, it was obtained that the ecosystem on average contains 
35,80t/0,05he of  aerial biomass and 17,9t/0,05he carbon capture, which are of  great 
importance to combat global warming.




Biomass is a factor that determinate the ecosystem's 
capacity to accumulate organic matter through time 
[7], this is constituted by the organic matter weight, 
such aerial as underground, which is found in a forest 
ecosystem [8], [9]. It's essential to estimate the forest 
biomass, since it allows to determine the amounts of  
carbon and other chemical elements present, this 
represents the potential amount of  carbon that can be 
released into the atmosphere or fixed to a surface area, in 
this way it will be possible to calculate the contribution 
that the forest makes to the mitigation of  greenhouse 
gases [10], [11].
The present study suggests to estimate aerial biomass 
and carbon stored in a wet tropical forest of  the 
Domingodo's watershed, determining ten species with 
the highest Importance Value Index (IVI), evaluating 
whether or not there are significant differences between 
these in relation to the allometric models, finally 
establishing which is the one that the most adjusts to an 
average value between models. 
In Colombia, the total carbon stored for 2007 was above 
7800 million tons, with higher average reserve values in 
very wet tropical forest, obtaining values of  135.29 
Tons (Ton) of  Carbon (C) per hectare (he), together 
with the tropical forest in which it was calculated 131.87 
Ton C/he. The Pacific Region ranks second after the 
Amazon Region, having an average of  131 Ton C/he, 
[13]. the Chocó value was estimated above of  them 135 
Ton C/ha, giving it the third place at state level, [14].
Forests are fundamental in the carbon cycle because 
they capture carbon from the atmosphere and store it in 
the biomass form [5], it is estimated that forests 
absorbed approximately 2 000 million tons of  carbon 
dioxide per year, [4]. This storage in a context of  
global warming is of  great importance, given that the 
carbon accumulation in the biomass and in the soil can 
mitigate 30% of  the annual CO2 emissions produced 
anthropically [6]. The Reducing Emissions from 
Deforestation and Forest Degradation strategy 
(REDD+), along with the sustainable forest 
management, they are essential for the implementation 
of  measures to combat the global warming effects, [4].
1.     Introduction
Global Warming is one of  the main environmental 
planet problems, since in last years the earth has 
increased the mean temperature, the climate records 
show that the total temperature heartened between the 
periods from 1850-1899 to 2001-2005 was 0.76 ° C ± 
0.19 ° C. The warming rate averaged over the past 50 
years (0.13 ° C ± 0.03 ° C per decade) this is almost 
double the rate of  the last 100 years. One of  the main 
causes of  increased the global temperature is due to the 
greenhouse effect produced by gases such as carbon 
dioxide (CO2), methane (CH4), Chlorofluorocarbons 
(CFCs) and nitrous oxide (N2O) [1]. The CO2 is 
released towards the atmosphere daily in high 
quantities, in 2014 was estimated the production of  
36,138,285 Kilotonnes (kt) of  CO2 [2].
Trees and forests help to strengthen living 
environment, they provide clean air and clean water, 
protect the soils, they are the key for the biodiversity 
conservation, because they safeguard more than three-
fourths of  the world's terrestrial biodiversity, with this 
they respond to global warming by its function of  
accumulating greenhouse gases in the atmosphere 
(United Nations UNFCCC,2015) [3], provide products 
and services which contribute to socioeconomic 
development, they are the key for food security and 
among other services. Therefore, it's of  great 
importance the search for environmental sustainable, 
making necessary an appropriate forest management 
that can foster resilience and the capacities to adapt the 
problems related to global warming, [4].
There are direct and indirect methods to estimate forest 
biomass. The direct method is destructive because is 
based on cutting a tree, weigh the biomass and then 
determine the dry weight, [12]. Indirect methods 
aren't destructive, because you don't need to cut the tree 
for calculation, one of  the methods is done by means of  
equations or models based on regression analysis, 
where include such variables as tree diameter at breast 
height (DBH), tree commercial height (CH) and tree 
total height (TH), the diametric growth, basal area and 
specific wood density, [7]. These types of  equations 
help to make some decisions and allow the biomass 
estimation and carbon on a large scale, [9]. 
2. Methodology
2.1. Study area and features
The study takes place in the upper watershed of  the 
Domingodo's river, is located in Carmen de Darién 
town, in the department of  Chocó and this is part of  the 
subregion of  the  demog raphic  Chocó.  The 
Domingodo's river is between the coordinates 77°00'00¨ 
Estimation of  stored carbon in a productive forest: upper watershed of  the river Domingodó
ISSN 1909-9746 E-ISSN 2248-4728 Volume 3 number 1- Special edition January – June  2019
224
 
   





Model  1 (LM- rf)  [18] B =  EXP (2.226 + (-1.552 * ln (DBH)) + (1.237 * (ln (DBH))2) + (-0.126 
* (ln (DBH))3) + (-0.237 * ln (0.65))) 
Model  2 (PM-rf) [18] B =  EXP (2.421 + (-1.415 * ln (DBH)) + (1.237 * (ln (DBH))
2) + (-0.126 
* (ln (DBH))3) + (1.068 * ln (0.65)))




B = EXP (-1.663 + (2.37 * ln (DBH)))










B = EXP (-2.19 + (2.54 * ln (DBH)))
 Model  6 [20]
 
B =  EXP (-2.289 + 2.649 * ln (DBH) -
 
0.021 * ln (DBH2))
 
Model  7 [21]
 













Model  9 [22] B = EXP (-2.904 + (0.993 * ln (π * DBH2 * Ht )))
Model  10 [21] B= EXP (-2.977 + ln (0.65 * DBH2 * Ht))
Conventions: B (aerial biomass), DBH (cm), Ht (Total height in meters), rf-LM (lower montane rainforest), rf-PM (premontane rainforest), T-rf  (Tropical rainforest)
Table 1. Allometric models used to estimate the forest aerial biomass of  the Domingodo's river upper watershed. 
Source: own.
In the area there are low hills forests, has a primary 
natural vegetable cover slightly tapped, with soft and 
moderate slopes ranging, the soils have a clay-loam 
texture and moderate depth, good fertility and high 
levels of  aluminum, they are determined as exclusively 
forest-based soils. The vegetation is very varied, feature 
of  tropical rainforests. These information was obtained 
through the satellite images perform, with Erdas 
software application and field checks supported by 
information provided for the community as regards the 
types of  the forest attendants in the study area.
and 77°12'00” length W; and North latitude 7°12'00” 
and 7°12'00”. The average temperature in the area is 
80.96 °F, the average rainfall is 3589 mm/year.
In this area there are wood species of  high commercial 
value such as Lecythis tuyrana Pittier (olleto), Tabebuia 
rosea (Bertol.) Bertero ex A.DC (roble), Prioria 
copaifera Griseb (cativo), Anacardium excelsum 
(Bertero ex Kunth) Skeels (caracolí), Ceiba pentandra 
(L.) Gaertn (ceiba), Dipteryx spp (Choiba), Nectandra 
membranacea (Sw.) Griseb (caidita) y Copaifera canime 
Harms (canime). There are also non-wood important 
species as Apeiba glabra Aubl (corcho), Bursera 
simaruba (L.) Sarg (resbala mono) y Schizolobium 
parahyba (Vell.) S. F. Blake (tambolero).
2.2. Collection Data
The sampling is systematic by strips, which was done 
through cartography obtained from the state's EOT 
and satellite images (Landsat ETM +), where 12 plots 
of  500 m2 were established, in which aspects of  the 
floristic and structural composition of  the vegetation 
were evaluated following the methodology defined by 
Rangel & Velásquez in 1997 [16], the total individuals 
registered number in the inventory was 2079.
were selected for the data collection Individuals with 
more than 10 cm of  DBH (diameter at breast height), 
which was measured at 1.3m height, the total height and 
the commercial height in meters were also measured. 
finally, is carried out identification of  the species, when 
these were not identified in the field, the procedure to 
the collection of  plant material for subsequent 
taxonomic identification in the UDBC forest herbarium.
The high side of  the Domingodo's river is made up of  
Afro-Colombian rural communities, which are 
Domingodó and Chintadó. The population that live in 
this area belongs to the forester family program, [15]. 
2.3. Processing Data
IVI = Relative abundance + Relative dominance + 
Relative frequency
The data registered in the field sheets were digitized 
and filter in the Excel 2013 program, to start with the 
calculation of  the importance value index (IVI), taking 
into account the variables of  plenty, commonness and 
pervasiveness, to determine which species contribute 
the most to the character and structure of  the forest 
using the following formula, [17]:
After each species is classified in a category of  
importance sampling, the 10 species with the highest 
IVI are selected to apply 11 allometric models of  
indirect biomass estimation specified in Table 1, later an 
average model was made for each species and the 
ecosystem, this allowed selecting the model that was 
closed to the average by means of  the Spearman 
correlation coefficient.


























































Ficus insipida 1,491 2,898 6,844 3,744
Cecropia garciae 5,339 2,898 2,666 3,634
Brosimum utile 4,377 2,028 4,083 3,496
Pouteria eugeniifolia 3,848 2,028 3,380 3,085
Copaifera canime 4,761 2,028 1,907 2,899
 
3.2. Biomass estimation
Table 3 shows the Spearman correlation coefficient 
calculated for eleven models, the models with values 
closer than 1 were the ones selected, in the cases of  the 
species P. copaifera, P. dulce, P. officinalis, F. insípida, B. 
utile and P. eugeniifolia, it considered that the climatic 
conditions were similar to the study area, also keep in 
mind the proximity to the study area where the author 
of  the model recommends that used it. The model with 
the best match at the area is 4, this model just 








































































































































































































9 0,990 0,976 0,981 0,932 0,825 0,934 0,861 0,984 0,903 0,863 0,856
10 0,990 0,975 0,982 0,932 0,824 0,934 0,860 0,984 0,903 0,864 0,855
11 0,989 0,982 0,976 0,932 0,832 0,928 0,867 0,981 0,903 0,858 0,860
Table 3. Spearman's correlation quotient of  the eleven allometric models. Source: own.
The highlighted values are the sellected models for each species and ecosystem.
Table 2. Species with the highest Importance Value IVI Index in the forest of  the upper 
watershed of  the Domingodo's river. Source: own.
After processing, the data was entered into the R 
Project 3.1.1 softwares, for descriptive statistical 
analysis; as the mean, the standard deviation, the 
confidence intervals, the normal distribution of  the 
variables and the graphic outputs; and inferential 
statistics such as tests of  variance and contrast. The 
calculation of  stored carbon was based on the IPCC 
[23] where the carbon is 50% of  the estimated biomass 
of  each selected model.
3. Analysis and Discussion
3.1. Species selection
Table 2 summarizes the ten species with the highest IVI 
of  the upper watershed of  the Domingodo's river, 
which represent 46.69% of  the total ecosystem, 
therefore, these species allow to givemore accurate 
approximation to conclude the amount of  forest aerial 
biomass. The family Leguminosae is the one that has the 
most representation with four species in the list with a 
representation of  23.05% (P. copaifera, P. dulce, C. 
canime, P. officinalis), the species with greatest 
importance is P. copaifera with a value of  10.46% and 
the tenth species selected is C. canime with a value of  
2.90%.
Estimation of  stored carbon in a productive forest: upper watershed of  the river Domingodó
ISSN 1909-9746 E-ISSN 2248-4728 Volume 3 number 1- Special edition January – June  2019
226
In terms of  the distribution of  aerial biomass in tons 
per each 0.05 hectares for the diametrical class, which 
were grouped every 10 cm of  DBH I=10cm-20cm, 
II=20cm-30cm, III=30cm-40cm, IV=40cm-50cm, 
V=50cm-60cm, VI=60cm-70cm, VII=70cm-80cm, 
VIII=80cm-90cm, IX=90cm-100cm), for selected 
species and the ecosystem, described in Figure 1. The 
highest estimates correspond to model 9 and model 6, 
the model 6 estimates the biomass according to the 
DBH and the total height, while that the model 9 
estimates the biomass only according to the DBH 
function. The lowest biomass estimate match to model 
2, which only take notes to the DBH variable, followed 
by model 11 and model 10, both are a function of  the 
DBH and the total height.
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3.3. Structural variables and biomass
In the Box-Plot type drawings, of  Figure 2, it can be 
seen that the species with the highest median in basal 
area is F. insipida with a value of  0,482m2, having a data 
distribution between 0,009m2 to 0,497m2, while the 
lowest median species is C. canime with a value of  
0,042m2, having a distribution of  data between 
0,008m2 to 0,068 m2. In terms of  the number of  
individuals in 0.05 hectares, the species with the highest 
median is P.copaifera with 22 individuals, having a 
distribution of  48 individuals to 3 species, the species 
with the lowest median are F.insipida and A.excelsum 
with 3 individuals.
Figure 2. Structure settings (Density, Basal Area) for 
the species: (A) A. excelsum, (B) B. utile, (C) C. garciae, 
(D) C. canime, (E) F. insípida, (F) P. dulce, (G) P. caimito, 
(H) P. eugeniifolia, (I) P. copaifera, (J) P. officinalis. 
Source: own.
Table 4 shows the average value of  structural variables, 
biomass and carbon, where the highest biomass values 
occur in the species A. excelsum with 43,05 +/- 10,37 
tons in 0.05 hectares, storing 21.53 tons of  carbon in 
0.05 hectares; the lowest biomass value match to the 
P.dulce species with 3.62 +/- 0.20 tons in 0.05 hectares, 
storing 1.81 tons of  carbon in 0.05 hectares; on average 
the ecosystem has a biomass of  35.80 +/- 3.03 tons in 
0.05 hectares, storing on average 17.09 tons of  carbon 
in 0.05 hectares. To set the meaningful differences 
between the structural variables at the ecosystem level 
and the species, applies the non-parametric test for the 
variance test of  Kruskal-Wallis, all the structure 
variables, biomass and carbon, present important 
differences (with a probability of  0.05%), this shown 
that the characteristics of  structure, floristic 
composition and degree of  disturbance, have to do with 
the quantity of  stored biomass in the vegetation.
Figure 1. Aerial biomass distribution per diameter 
class (cm) using the eleven allometric models of  
Table 1. Source: own.
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26,17 + /- 6,41 13,09
18,34 + /- 1,22 9,17
3,62 + /- 0,20 1,81
7,22 + /- 0,29 3,61
43,05 + /- 10,37 21,53
18,29 + /- 0,68 9,14
23,38 + /- 0,96 11,69
6,74 + /- 0,53 3,37
32,20 + /- 1,00 16,10
9,98 + /- 0,55 4,99
35,80 +/ -3,03 17,90
118.76
< 2.2e-16
Conventions: ind = number of  individuals.
Table 4. Average structure values, biomass and carbon variables in the forest of  the upper watershed of  the 
Domingodo´s river, compared by variance test based on (Kruskal-Wallis) categories. Source: own.
Table 5 shows that the highest biomass values are of  the species P. copaifera with 112.48 tons, storing 56.24 tons of  
carbon; the species with the lowest biomass value is C. canime with 9.17 tons, storing 4.59 tons of  carbon. It's 
observed a high variation in biomass, which is linked to the presence of  trees with higher heights.
In terms of  structural and biomass variability per diametric class, which is observed in table 5, in general, there are 
heights between 3 meters and 28 meters, the species P.dulce, P.caimito, P.officinalis, A.excelsum, F.insipida, 
C.garciae, B.utile, P.eugeniifolia and C.canime present absence of  species in diametrical classes, this shows that 
these forests subject to low and medium intensity disturbances. 



















































































































































































0,80 2,31 3,42 0,00 1,03 4,45 0,00 0,63 0,75 13,40
Biomass 
(ton/0,05ha)
2,02 7,20 13,16 0,00 5,41 25,37 0,00 4,31 5,47 62,94
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2,94 9,72 16,18 31,39 5,70 8,18 18,18 0,00 7,71 100,00
Carbon 
(ton/0,05ha)












































































































































































































































0,05 0,44 0,44 0,69 0,40 1,07 5,08 0,00 22,71 30,86
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Table 5. Layout of  vegetation structure variables, biomass and carbon per diametric class 
of  the upper watershed of  the Domingodo´s river. Source: own.
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In front of  the multiple services offered by the forest, 
among those Global Warming, it is very important to 
manage this forest in a sustainable way, because this is 
one of  the most effective forms of  mitigation to combat 
Global Warming due to silvicultural costs [1], since on 
average, if  500 m2 of  forest are cleared, approximately 
17.9 tons of  carbon are being emitted into the 
atmosphere, being a negative consequence in the long 
term due to the long terms that a forest recovery 
requires, [4]. Therefore, forest management is crucial 
in a context of  territorial approach, understanding the 
dynamics between the biophysical, social, economic and 
institutional elements to elaborate strategies where the 
It is of  great importance to continue exploring models 
that estimate biomass and carbon, because it has been 
seen that exponential functions don't represent the 
whole part of  the growth cycle of  trees, so it's of  great 
importance to continue generating and evaluating 
allometric equations that take into account the behavior 
of  the forest to arrive at more accurate calculations of  
forest behavior, this includes trees of  large dimensions, 
since it was appreciated that this factor was the one with 
the highest estimation error, [14]. 
The second group corresponds to the species P.caimito,  
P.officinalis and P.eugeniifolia, which present a greater 
amount of  biomass in intermediate diametrical classes, 
from IV to VI (DBH between 40cm-70cm); the third 
group is made up for species P.dulce and B.utile, where 
they've two tall peaks, the first one is in the diametrical 
class II (DBH between 20cm-30cm), meanwhile the 
second one is presented in the diametrical class IX 
(DBH between 90cm-100cm); and the fourth group 
with the species C.canime, with 3 peaks distributed in 
the diametrical I and II class (DBH between 10cm-
30cm), in the diameter V and VI class (DBH between 
50cm-70cm) and in the diameter IX class (DBH 
between 90cm-100cm).
4. Conclusions
The diametrical class that concentrates the largest 
amount of  biomass, and that therefore store more 
carbon, it´s IX (DBH 90-100). Species like P. caimito, P. 
officinalis y P. eugeniifolia, P. dulce y B. utile and C. 
canime, they reflect that the forest have any grade of  
transformation and intervention. It becomes apparent a 
high variation regarding the forest structure, between 
the biomass and carbon supplies in the upper watershed 
of  the Domingodo's river, this is due to the natural 
succession process, environmental factors of  the area 
and by processes that generate anthropic pressure, 
[24]. 
The average carbon stored by the forest of  the upper 
watershed of  the Domingodo's river (17.9 ton/0.05ha) 
it is considerable in comparison with other nearby areas, 
since in forests of  the municipality of  Quibdó-Choco, 
recorded stored carbon of  81.9 ton/ha, in the forest of  
the Botanical Garden of  the Pacific-Bahía Solano-
Chocó, recorded stored carbon of  68.1 ton/ha, and in 
the Botanical Garden of  the Pacific 48.2 ton/ha is 
recorded, [25].
The model that most suited of  the area was 4, being of  
great importance the life area for the model selection, 
this model demonstrated through statistical tests to be 
the best architecture, successional state, distribution of  
ecological guilds, functional relationships and grade of  
forest intervention evaluated, [26], [25]. 
3.4. Biomass and carbon distribution per diametric 
class
Figure 3 it does the relationship between the biomass-
carbon ratio for each species, which is expressed in tons 
per 0.05ha for each of  the diametric classes. The first 
group corresponds to the ecosystem in general and to 
the species P.copaifera, A.excelsum, F.insipida and 
B.utile, the largest amount of  biomass is reported in 
diametrical class IX (DBH between 90cm-100cm).
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inclusion of  the forest in the sustainable development 
of  the territory is highlighted.
They going to expressed special thanksfully to Wilson 
Alzate Cortés for the provided support during the 
preparation of  the article. The habitants of  Domingodó 
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